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(Fused (Glass Fibers Silica Glass Glass/

Fibers) Microglass

Average Particle Size 180/0.4 Microfil**
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Diametral Tensile

(MPa)
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4 Surface Roughness 0.27 0.12 |
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Coeff of Thermal
Expansion x 1
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** Data unavailable.



5,621,035

1

CERAMIC FUSED FIBER ENHANCED
DENTAL MATERIALS

FIELD OF THE INVENTION

This invention relates to dental restorative materials. In
another respect, the invention relates to ceramics and
ceramic composite restorative materials. Yet in another
aspect, the invention relates to novel restorative composi-
tions, including but not limited to, silver-based mercury
amalgams and plastic-based denture materials for the direct
restoration or replacement of teeth. In a further aspect, the
invention relates to novel restorative compositions for the
direct filling of posterior teeth.

BACKGROUND OF THE INVENTION

Dental restorative materials include materials used to
repair damaged teeth and/or replace missing teeth and/or
other related oral structures. In some instances, dental restor-
ative materials include materials used to reconstruct the
axillofacial complex. In general, dental restorative com-
positions include: (1) fillers, (2) binders, (3) dental amai-
gam, (4) enamel and dentin bonding agents, (5) dental
composites, (6) dental cements, (7) casting alloys for crowns
and bridges, (8) ceramic/metal materials, (9) denture and
prosthetic materials, (10) porcelains, and (11} ceramic
restorafive materials, etc..

A variety of compositions have been proposed and used
for the direct filling of teeth. Of these compositions, some
may be generally classified as dental composites and more
specifically as resin composites. These resin composites are
comprised of inorganic particulates, i.e., filler, bound
together with a polymeric matrix, 1.e., a binder. The particu-
late filler reinforces the polymeric matrix and ofisets its
deficiencies. The binder, and/or polymeric matrix, may be
comprised of an acrylic or epoxy resin or other types of
carbon-based polymers. See, for example, U.S. Pat. Nos.
3,066,112 and 3,179,623 which are hereby incorporated by
reference. Fillers for such composite compositions, both
posterior and/or anterior dental use, include finely divided
solids like silica, glass, zirconium, aluminum oxide, crys-
talline quartz, glass beads, or a mixture of glass beads and
quartz. A material acceptable, however, for posterior use
must be able to achieve a high filler loading capacity in the
resin system. Moreover, filler strength, content, shape and
size directly determines the physical and mechanical prop-
erties of the restoration matenal.

To date, there has been no composite material developed
that completely meets the expected parameters needed for
the intended use as a posterior dental restorative material to
replace mercury-based dental amalgams. Dental materials
presently available lack several physical or mechanical
properties necessary for an ideal posterior dental restoration.
As noted, it 18 imperative to achieve a high filler loading
capacity in the resin system and presently all attempts to
achieve such have failed. For example, highly loaded mate-
rials such as Microfine Composite™, using colloidal silica
of a 40 nm size result in dramatically increased viscosity
which jeopardizes handling characteristics. (See, Lambre-
chts, P; Vanherle, G. (11983); Structural Evidence of Micro-
filled Composites. J. Biomed Mater Res 17: 249-60.;
Willems, G; Lambrechts, P.; Braen, M.; Celis, J. P.; Van-
herle, G. (1993): A Classtfication of Dental Composites
according to their Morphology and Mechanical Character-
istics. Dent Mater 8;: 310-19). The colloidal silica forms an
extended network structure that produces an increase in
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viscosity thereby limiting the amount of filler that can be
incorporated to around 50% by volume. This 50% volume of
filler loading has only been obtained by first filling to higher
degree, that is, greater than 50% during manufacturing, and
then curing under high temperature and grinding to make
colloidal oxide field resin particles (organic filiers). How-
ever, a major problem still remains. The interface between
these particles and the matrx, i.e., binder, 1s weak and
causes brittle failure and wear. The filler composition of the
present invention has the characteristics needed for posterior
composite materials when combined with a resin matrix to
address and solve these major hurtles.

The properties needed for an advantageous dental restor-
ative material include, inter alia, the following: (1) low to
high density, (2) high tensile/compression strength (3) low
thermal conductivity, (4) purity, (§) long life in cyclic
applications, (6) high flexural strength, (7) rigidity, (8)
inertness, (9) dimensional stability, (10) thermal shock resis-
tance, (11) high diffusitivity, and (12) porosity. The present
invention provides heretofore unknown fused-fibrous dental
restorative materials with the above properties.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide fused-
fibrous filler compositions useful! in dental fillings and
materials that are particularly useful in dental restorative
compositions, prosthedontic applications, and ceramic
restorative materials, which have improved handling char-
acteristics, improved strength, improved wear resistance,
and decreased shrinkage from polymerization as compared
to presently available dental restorative compositions, dental
prosthetic devices, and ceramic restorative materials. The
composition of the present invention also contains less than
1% cristobalite contamiation. It has been discovered that
significantly improved particulates that are useful as fillers
in dental restorative and prosthetic compositions are
obtained from fused-fibrous compounds of the following
composition: (1) from about 1% to about 50% by weight
alumina; (2) from about 50% to about 98% by weight silica;
and (3) from about 1% to about 5% by weight boron nitnde.
In addition, the composition may further comprise stlicon
carbide up to about 3% by weight.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1a and 1b are tables of the parameters of
PRIM.M. ™ vys, Lucitone 199 Denture Acrylic.

FIGS. 2a and 2b are tables of the parameters of

PR.I.M.M. ™ ys, Restolux SP-4 Composite Resin (Chopped
Fibers).

FIGS. 3a and 3b are tables of the parameters of
PRIMM. ™ vys, Herculite XRV (Kerr) Composite Resin.

FIGS. 4a and 4b are tables of the parameters of
PR.I.M.M.™ vys, Tytin Amalgam Alloy.

FIG. 5 is a table of the Ideal Modulous form at density
16—Particle size>180 um—with silica (Colloidal) and Sili-
nated Resin.

FIG. 6 is a table showing that the compressive strength
exhibited significant improvement with the addition of Col-
loidal Silica and presilination of the resin.

FIG. 7 1s a table showing that the surface roughness

decreased significantly with the addition of silica (Collo:-
dal).
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FIG. 8 is a table which provides a comparison of the
properties of the filler component of the present invention as
compared to prior art filler components.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Generally, the filler component of the present invention
has been described above in the Summary Of The Invention.
However, several fused-fibrous flier compositions falling
within the description set forth above are particularly pre-
ferred. Generally, the compositions of the present invention
can be comprised of alumina fibers, silica fibers, and from
about 1% to about 5% boron, preferably boron nitride.

One preferred embodiment is comprised of a binder and
a filler wherein said filler is comprised of about 1% to about
50% by weight alumina, from about 50% by weight to about
98% by weight silica, and boron. Another preferred embodi-
ment 1s comprised of: (1) from about 15% to about 30% by
welight alumina fiber; (2) from about 65% to about 85% by
weight silica fiber; (3) from about 1% to about 3% by weight
silicon carbide; and (4) from about 1% to about 5% by
weight boron nitride.

Another more preferred fused-fibrous composition for the
filler is as follows: (1) about 21% by weight alumina fiber;
(2) about 74% by weight silica fiber; (3) about 2% by weight
silicon carbide; and (4) about 2.85% by weight boron
nitride. Preferably, the material of the present invention is
comprised of alumina and silica fibers in a ratio of 22:78.

The ceramic restorative materials of the present invention
have the advantageous properties outlined above needed for
dental restorative composites and prosthetic materials. The
filler material alone, has exceptional physical, chemical, and
mechanical pr0pertles including, inter alia: (1) low to high
density—4 1b./ft.” to 62 1b./ft.>; (2) low thermal conductiv-
ity—e.g., for 12 Ib./ft.° density at 500° E. conductivity=0.61
Btu-in./ft.*; (3) purity-predominately comprised of 99.7%
pure silica fibers and 95.2% pure alumina fibers; (4) long life
in cyclic applications—e.g., 12 1b./ft.° density, does not
degrade with cyclic exposure to 2600° F. and can even
withstand limited exposure to 2900° E,; (5) rigidity-main-
tains shape and supports mechanical loads while providing
thermal insulation (i.e., has a high compressive strength and
tensile strength (MIN/m2) (6) high flexural strength—modu-
lus of rupture for 4 1b./ft.” to 62 1b./ft.? densities ranges from
100-6200 1b./in.*; (7) inert—does not burn, softens at tem-
peratures above 2700° E and melts at about 3100° E.; (8)
dimensional stability—has a low coefficient of thermal
expansion and 0.4% linear shrinkage; (9) thermal shock
resistance—can be heated to 2600° F. and immediately
immersed in cold water w1thout damage; (10) high diffu-
sivity—12 1b:/ft.> to 62 1b./ft.> ranges from 97% to 56%:
(11) porosity—highly porous and offers minimal resistance
to the passage of gases or liquids; (12) able to coat or bond
to other materials (1.e., materials, plastics, inorganics) with
relative ease to enhance characteristics. In addition, the 16
Ib./ft.> density filler material of the present invention has
(1)a flexaral modulus of strength—2.5=10'° Pa, (2)a Rock-
well Hardness—350, (3) Surface Roughness of 0.6 Ra, and
(4) linear shrinkage of 0.4% after repeated cycles at tem-
peratures above 2700° E. As a result, the composite made
with the flier of the present invention has a heretofore
unknown linear shrinkage of 0.09%.

Generally, the process for the manufacture of fused-
fibrous silica/alumina and/or other ceramic fiber of low
density, like 12 1b. per ft.%, is comprised of the following
steps:
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(1) preparation oif a slurry mixture comprised of pre-
measured amounts of purified fibers and deionized
water;

(2) removal of shot from slurry mixture;

(3) removal of water after thorough mixing to form a soft
billet;

(4) addition of a ceramic binder after the formation of the
billet;

(5) placement of the billet in a drying microwave oven for
moisture removal; and

(6) sintering the dry billet in a large furnace at about

1600° E. or above.

The high purity silica fibers above are first washed and
dispersed in hydrochloric acid and/or deionized water or
other solvents. The ratio of washing solution to fiber is
between 30 to 150 parts liquid (pH 3 to 4) to 1 part fiber.
Washing for 2 to 4 hours generally removes the surface
chemical contamination and non-fibrous material (shot)
which contributes to silica fiber devitrification. After wash-
ing, the fibers are rinsed 3 times at approximately the same
liquid to fiber ratio for 10 to 15 minutes with deionized
water. The pH is then about 6. Excess water is drained off
leaving a ratio of 5 to 10 pans water to 1 part fiber. During
this wash and all following procedures, great care must be
taken to avoid contaminating the silica fibers. The use of
polyethylene or stainless steel utensils and deionized water
aids in avoiding such contamination. The washing procedure
has little effect on the bulk chemical composition of the
fiber. Its major function is the conditioning and dispersing of
the silica fibers.

The alumina fibers are prepared by dispersing them in
deionized water. They can be dispersed by mixing 10 to 40
pans water with 1 pan fiber in a V-blender for 2%2 to 5
minutes. The time required is a function of the fiber length
and diameter. In general, the larger the fiber, the more time
required.

Generally, in order to manufacture ultra low density
fused-fibrous ceramic filler material, for example, densities
below 12 Ib/ft>, the process includes the additional steps of:

(1) the addition of expandable carbon fibers in the casting
process and/or other temporary support material; and

(2) firing the billet at about 1300° F. to remove the carbon
fibers or other support material prior to the final firing
at approximately 1600° F. or above.

When the dispersed silica fibers and dispersed alumina
fibers are combined, the pH is probably acidic and should be
adjusted to neutral with ammonium hydroxide. The slurry
should contain about 12 to about 25 pans water to about 1
part fiber. The slurry is mixed to a uniform consistency in a
V-blender in 5 to 20 minutes. The boron nitride can be added
at this point (2.85% by weight of the fibers) and mixed to a
uniform consistency in a V-blender for an additional 5 to 15
minutes creating a Master Slurry. The preferred mixing
procedure uses 15 parts water to 1 part fiber and the slurry
is produced in about 20 minutes of mixing. At lower density
formulations, expendable carbon fibers are used to give
“green” strength to the billet prior to the final sintering. The
percent of carbon fiber used varies greatly depending on the
diameter, length and source of the fiber and the ultimate
density of the material being produced. The percent of
carbon fiber per dry weight of material should range
between 1 and 10%. The source of the carbon fiber can take
many forms including nylon, cellulose, and purified graphite
based carbon in fibrous form. Carbon fibers added in the
casting process are eliminated by firing the billets at 1350°
F. prior to the final firing at 2450° F.
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The Master Slurry is poured into a mold for pressing into
the desired shape. The water is withdrawn rapidly and the
resulting felt is compressed at 10 to 20 psi. Rapid removal
of the water is required to prevent the fibers from separating.
If graded properties are destred in the resultant material, the
slurry can be allowed to settle and the fibers to partially
separate before the removal of the water.

The final density of the finished restorative material is
determined in part by the mount of compression placed on
the felt, varying the wet molded dimension in relation to the
fiber content. The formulation of the present invention has
been prepared in densities ranging from about 0.05 {0 0.48
g/cc. It can, however, be prepared in lower and higher
densities.

After molding, the restorative material is dried and fired
by the following preferred procedure. The material is first
dried in an oven for 18 hours; the temperature, initially 380°
C.,is raised at arate of 11° C. per hour to 104° C., held there
for 4 hours, raised again at a rate of 11° C. per hour to 1507
C., and held there for 4 hours. The material is taken directly
from the drying oven, placed in the firing furnace, and fired.
A temperature rise rate of 2200° C. per hour or less 1s
required in order to avoid cracking and warping in the case
of a 15 cmx15 cmx7.5 cm block of material. For larger
blocks, slower heating rates may be required. The maximum
firing temperature may vary from 1200° C. to 1600° C.
depending upon the fiber ratio used, mount of boron nitride,
and the final density of the material that is desired.

The temperature rise rate is chosen to permit relatively

uniform temperatures to be achieved throughout the matenal
during the process. A faster temperature rise rate causes
non-uniform temperatures to be achieved throughout the
material during the process. A faster temperature rise rate
causes nonuniform strength and density and may cause
cracking. Longer or higher temperature firing results in
higher shrinkage and related greater resistance to subsequent
shrinkage, as well as a shorter lifetime to devitrification. The
aximum firing temperature is dependent upon the fiber
ratio used and the density of the composite desired. The
firing time and maximum temperature are sclected to allow
sufficient shrinkage to achieve stabilization while not allow-
ing any devitrification.

After firing, the material may be machined to obtain any
desired final dimensions. Only about 0.5 cm of the matenal
must be machined off.

The procedure used to prepare this restorative matenal,
i.e., the polymeric rigid inorganic matrix material of the
present invention, may be varied through a rather broad
range with satisfactory results. In one varation, the silica
fibers may be borated and prefired prior to use. This process
is used to improve the morphological stability and physical
properties of the resultant material.

The following examples are provided to illustrate the
invention by describing various embodiments, including its
best mode as presently conceived. All proportions used are

expressed on a percent by weight basis unless otherwise
noted.

EXAMPLE 1

An embodiment of the fused-fibrous matrix ceramic mate-
rial of the present invention having a density of 0.32 g/cc,
and opacified with silicon carbide was produced, with 825
grams of silica fibers, 175 grams alumina fiber (average
diameter—11 microns, length—0.32 cm), 35 grams 1200 grit
silicon carbide, 28.5 grams of boron nitride, 10 milliliters
hydrochioric acid, 5 milliliters ammonium hydroxide and
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deionized water. The silica fibers were washed as in
Example 2.

The alumina fibers were placed in a 7,570 ml capacity
stainless steel double shell blender with 5,000 grams deton-
ized water and mixed using an intensifier bar for 22 minutes
to disperse the fiber.

The washed silica fibers, dispersed alumina fibers, boron
nitride, and silicon carbide were placed in a 28.31 liter
stainless steel double shell V-blender. Deionized water was
added to bring the total weight to 15,000 grams. The
ammonium hydroxide (5 ml) was added to adjust the slurry
to basic before mixing. The slurry was mixed, degassed,

transferred to a mold and pressed into a billet as 1n Example
2.

EXAMPLE 2

The materials used were the following: 150 grams alu-
minasilicate fibers (AS32, manufactured by 3-M Company
containing 80% Al,O, and 20% Si0,), 1000 grams of silica
fibers (Microquartz 108), 35 grams of 1200 grit silicon
carbide, 30 grams of boron nitride, 10 ml of hydrochloric
acid, 5 ml of ammonium hydroxide, and deionized water.

The silica fibers were placed in a polyethylene container
in 32 liters of deionized water. Hydrochloric acid (10 ml)
was added to bring the pH to 3. Pure nitrogen was bubbled
through the mixture to agitate the fiber and assist washing.
Agitation was continued for two hours. The acidic water was
then drained off, fresh deionized water added and the
1xture again agitated with pure nitrogen for 15 minutes.
The timing process was repeated 2 more times which
brought the pH to about 6.0.

The aluminasilicate fibers were placed in a 7,570 ml
capacity stainless steel double shell blender with 5,000
grams of deionized water and mixed using the intensifier bar
for 2% minutes to disperse the fiber.

The washed silica fibers, dispersed aluminasilicate fibers,
boron nitride, and silicon carbide were placed in a 28.31 liter
stainless steel double shell V-blender. Deionized water was
added to bring the total weight to 18,000 grams. Ammomum
hydroxide (5 ml) was added to adjust the slurry to basic
before mixing. The slurry was then mixed with the intensi-
fier bar ranning for 20 minutes, removed from the V-blender
and degassed, transferred into a moid, and pressed into a
21.6 cmx21.6 cmx10 cm billet. The top and bottom of the
old were perforated and covered with a 16 mesh aluminum
screen to allow the excess water to flow out.

The billet was dried in an oven for 18 hours beginning at
38° C., increased at 11° C. per hour to 104° C., held for four
hours at 104° C., increased at 11° C. per hour to 150° C. and
held four hours at 150° C. After drying, the billet was
transferred to the firing furnace. The furnace temperature
was increased at a rate of 220° C. per hour to the firing
temperature, 1315° C., where it was held for 12 hours. After
firing, the temperature was decreased at a rate of 220° C. per
hour to 980° C. where the furnace was turned off, then
allowed to cool to room temperature.

EXAMPLE 3

The usefulness of boron oxide in the two-fiber composites
of this invention is demonstrated by the following prepara-
tions.

In one run, an experimental mixture was made containing
25% aluminasilicate fibers (“FIBERFRAX H,” manufac-
tured by the Carborundum Company, containing 62% Al,O,
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and 38% Si0,) and 75% pure silica fibers (“MICRO-
QUARTZ 108”). The mixture was ground with mortar and
pestle and then fired at 1400° C. for 5 hours. The resulting
product underwent 48% devitrification. When the alumina-
silicate fibers were prefired with boron oxide (85% and 15%
respectively) at 1100° C. for 90 minutes and then mixed with
the silica fibers and fired as above, the product exhibited no
devitrivication.

EXAMPLE 4

An acceptable 17 cmx17 cmx7.5 cm billet of material
having a density of 0.11 g/cc was produced using 600 grams
of silica fibers, 90 grams of aluminaborosilicate fibers (aver-
age diameter—11 microns, 0.64 cm long), 10 ml of hydro-
chloric acid, 5 ml of ammonium hydroxide, and deionized
water.

The silica fibers were washed in accordance with the
procedure of Example 2. The aluminaborosilicate fibers
were dispersed in a 7,570 ml V-blender with 3000 grams of
deionized water for 5 minutes. The washed silica fibers,
dispersed aluminaborosilicate fibers, and ammonium
hydroxide were mixed, with enough deionized water to
bring the total weight to 9,000 grams, in a 28.31 liter
V-blender for 10 minutes with the intensifier bar running.
The slurry was removed from the V-blender, degassed,
molded and the resulting billet fired as in Example 2. The
billet was then transferred to the firing furnace. The furnace
temperature was increased at a rate of 220° C. per hour to the
firing temperature, 1260° C., where it was held for 5 hours.
After firing, the temperature was decreased at a rate of 220°
C. per hour to 980° C., at which point the furnace was named
off and allowed to cool to room temperature. The billet was
machined to 17 cmx17 emX7.5 cm in accordance with usual
machining practices.

EXAMPLE 5

An acceptable 17 cmx17 cmx7.5 cm billet of material
with yet greater stability toward devitrification than the
material produced in Example 1, having a density of 0.32
g/cc, and opacified with silicon carbide was produced using
825 grams of silica fibers, 175 gram aluminaborosilicate
fibers (average diameter—11 microns, 0.64 c¢cm long), 35
gram of 1200 grit silicon carbide, 10 ml of hydrochloric
acid, 5 ml of ammonium hydroxide, 56.8 grams of boron
oxide, and deionized water.

The silica fibers were washed in accordance with the
procedure of Example 2. The boron oxide was dissolved in
4,000 grams of deionized water (concentration—1.42%
boron oxide). The aluminaborosilicate fibers were placed in
a stainless steel basket and dipped into the boron oxide
solution (the aluminaborosilicate fibers absorbed 7 times
their own weight of the boron oxide solution). The fibers
with absorbed boron oxide were then dried at 104° C. for 4
hours and calcined at 1100° C. for 1 hour. The “borated”
fibers were then placed in a 7,570 ml capacity stainless steel
V-blender with 5,000 grams of deionized water and mixed
using the intensifier bar for 2 ¥2 minutes to disperse the fiber.
The washed silica fibers, dispersed “borated” aluminaboro-
silicate fibers, silicon carbide, and ammonium hydroxide
were mixed with enough deionized water to bring the total
weight to 15,000 grams, in a one cubic foot V-blender for 20
minutes with the intensifier bar running. The slurry was
removed from the V-blender, degassed, molded, dried, fired,
and machined, as in Example 1.
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EXAMPLE 6

An acceptable 17 cmx17 cmX7.5 cm billet of material
with graded properties, having a density of 0.32 g/cc, and
opacified with silicon carbide, was produced using 825
grams of silica fibers, 175 grams of aluminaborosilicate
fibers (average diameter . 11 microns, 0.64 cm long), 35
grams of 1200 grit silicon carbide, 10 ml of hydrochloric
acid, 5 ml of ammonium hydroxide, and deionized water.

The silica fibers were washed in accordance with the
procedure of Example 2. The aluminaborosilicate fibers
were dispersed in a 7,570 ml V-blender with 5000 grams of
deionized water for 5 minutes. The washed silica fibers,
dispersed aluminaborosilicate fibers, silicon carbide and
ammonium hydroxide were mixed with enough deionized
water to bring the total weight to 25,000 grams, in a 28.31
liter V-blender for 15 minutes with the intensifier bar run-
ning. The slurry was removed from the V-blender, degassed,
molded, dried, fired and machined in accordance with the
procedure of Example 1.

The resulting billet of material is relatively richer in silica
at the top and aluminaborosilicate at the bottom.

EXAMPLE 7

A 17.5 cmx17.5 cmx9 ¢cm material with a temperature
capability greater than that of the material of Example 1,
having a density of 0.24 g/cc, and opacified with silicon
carbide, was produced using 750 grams of aluminaborosili-
cate fibers (diameter—1 to 3 microns), 250 grams of silica
fibers, 35 grams of silicon carbide, 5 ml of ammonium
hydroxide, and deionized water. The silica fibers were
dispersed in a 7,570 ml V-blender with 5,000 grams of
delonized water for 5 minutes.

The dispersed silica fibers, aluminaborosilicate fibers,
silicon carbide, and ammonium hydroxide were mixed with
enough deionized water to bring the total weight to 18,000
grams, 1n a 28.31 liters V-blender for 7 minutes with the
intensifier bar running. The slurry was removed from the
V-blender, degassed, molded, and dried as in Example 2. In
the furnace, the temperature was increased at a rate of 220°
C. per hour to the firing temperature, 1370° C. where it was
held for 1)2 hours. After firing, the temperature was
decreased at a rate of 220° C. per hour to 980° C., at which
point the furnace was turned off and allowed to cool to room
temperature. The billet was machined to 17.5 cmx17.5%9 ¢cm
in accordance with the usual machining practices.

The preferred alumina fibers are 95.2% pure and are
available from ICI Americas, Inc. and marketed as Saffril™.
The preferred diameter for the alumina fibers ranges from 1
to about 15 microns. The preferred silica fibers are 99.7%
pure and are available from Schuller (Johns Manville Corp.),
Denver, Colorado and marketed as Microquartz™ fibers or
as Q-fiber™. These fibers have an average diameter of 1.7
microns. However, silica fibers having diameters ranging
from 1 to 6 microns are useful in the present invention.
While boron nitride is considered to be the preferred boron
source, 1t 18 believed that SiBx, B,C, B,O., and B and other
boron sources can also be used. It is preferred that B be
present in an amount from about 0.4% to about 2% by
weight. Boron nitride is believed to be preferred because it
1s believed, due to its stability, that it permits a more uniform
fusion to fiber junction and yields superior bonding and
uniform porosity. In addition, aluminaborosilicate fibers
may be used and are available from 3M Company marketed
under the tradename AB-312™ which contains 62%
(+2.0%) A1,0s;, 14% (£2.0%) B, 0, and 24% (+2.0%) SiO.,,.
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These fibers are available and useful in the present invention
i diameters ranging from 3 to 12 microns.

The preferred composition comprised of: 21% by weight
alumina fiber; 74% by weight silica fiber; 2% by weight (600
grit) silicon carbide; and 2.85% by weight boron mtride 18
also available commercially in densities of 3 to 64 lbs./ft.”
(plus/minus 34 Ib.) from Lockheed Missiles and Space
Company, Inc., Sunnyvale, California (“Lockheed”) under
the trade name “HTP” (High Temperature Performance). For
example, Lockheed commercially sells “HTP-12-22" (12
Ib./ft.”> density silica/alumina fiber ratio of 78/22), “HTP-
12-35” (12 Ib./ft.” density in a silica/alumina fiber ratio of
65/35) and “HTP-12-45” (12 1b./ft.> density in silica/alu-
mina fiber ratio of 55/45).

Venus Dental Materials manufactures the above types of
Ultra-low density fused-fibrous ceramics under the trade
name PRIMM™ (Polymeric Rigid Inorganic Matrix
Material). Venus Dental Materials manufacturers
PR.I.M.M™ in densities varying from 4 1b./ft.” to 64 1b./ft.”.
PR.IM.M™ material is ground by mortar and pestle, or
other grinding mechanism, then sieved into different par-
ticulate sizes. An optimum sieved particulate size for
PR.IM.M™ material (16 1b./ft.? density) is approximately
180 in diameter. However, optimum particle sizes are
believed to be dependent upon the surface tension and

viscosity of the binder used in a particular application and
PR.IM.M™ material density.

The compressive strength (MN/m?) and tensile strength
(MN/m?) of an embodiment of the restorative material of the
present invention (78% alumina, 22% silica, % 3 silicon
carbide, 2.85% boron nitride at 16 1b./ft.”> density) is com-
pared in FIGS. 1a—4b to commercially available dental
restorative materials: “LACITONE 199 DENTURE
ACRYLIC” available from Dentsply International, Inc.;
“RESTOLUX SP-4 COMPOSITE RESIN” (Chopped
Fibers) available from Lee Pharmaceuticals; “HERCULITE
XRY” (Kerr) composite resin available from Kerr Manu-
facturing Co.; “TYTIN AMALGAM ALLOY” avalable
from Kerr Manufacturing Co.

The tensile and compressive strength values of the com-
mercially available materials used for comparison were
taken from product information sheets provided by the
manufacturers. The method used to determine the tensile
strength of the material of the present invention was the
Brazilian Test as described in the literature of Craig. (See,
Craig; R. G. (1989): Restorative Dental Materials, 8 Ed., St.
Louis: Mosby, 65-12; 255-92 which is hereby incorporated
by reference.)
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FIGS. 1a-4b illustrate the compressive and tensile
strength advantage of the material of the present invention
over several commercially available materials. As shown
and tested, the material of the present invention has a
compressive strength equal to or greater than about 550

MN/m?* and a tensile strength equal to or greater than about
150 MN/m®.

In relation to mixing the filler component of the present
invention with a

1*Raw Material

binder to form the composite of the present invention,
approximately 1.0 gram of PR.ILMM.™ fused-fibrous
ceramic product, having a density of 16 1b./ft.°, was added
to approximately 1 gram of GTE resin available from
Dentsply and mixed until a complete wetting occurred. It
should be noted, that this resin ratio was found to be ideal
for easy incorporation and loading beyond this point was
detrimental to the ultimate handling of the matenial. In fact,
at a point past this ratio, the composite became very thick
and dry and the overloading resulted in unusable material. It
is also believed that an increased particle cluster size
improves the capillary action of the fibers aligned for an
easier incorporation of the resin into the fibers.

It has also been found to be preferable, that once the fibers
have been thoroughly mixed into the resin, a known amount
of colloidal silica (0.3 grams) (“CABOT-CABOSIL LM
130 fumed silica) was incorporated until the material had a
consistency similar to that of currently marketed composite
resins. However, unlike currently available composite res-
ins, this mixture proved to be packable and handled much
the same way as an amalgam alloy.

It is also believed that the addition of a silanation agent
improves the fiber to resin bond. For example, an organo-
functional silanation agent (Union Carbide-Silane A-174)
was added to the composite. Specifically, 0.1 gram of the
silane was added to 1.0 gram of resin prior to mixing 1t with
the fibers. The result of this action produced an intact fiber
resin interface bond following the fracturing of the sample.

It has also been found that the mean particle size
(microns) effects the flexural modulus (Pax10'°), compres-
sive strength (MN/m?), and surface roughness (Ra). Shown
in FIGS. 5-7, is the filler component of the present invention
at 16 1b./ft.> density (1:1 filler/resin mixture) for different
particle sizes (microns). Note, as used below, “S1”° means the
aterial includes colloidal silica and “SiTR” means it
includes colloidal silica and that the resin was siianated.

A comparison of the properties of the filler component of
the present invention as compared to prior art filler compo-
nents 1s shown in FIG. 8,

Fi1G. 8

Product PRIMM ™ Restolux HP-4 7100 (3M) XRV Herco. TPH Pnsma Heliomolar Charisma

Filler Alumina/Silica Glass Ceramc Zirconia/Silica Barium Glass Barinm Glass 810, Barium Glass/
(Fused Glass Fibers Microglass
Fibers)

Filler Loading 60 68.5 66 56 53 38 73

Wt (%)

Average Particle 180/0.04 300 0.6 0.6 ] Microfil 0.7

Size (microns)

Diametral 82 83 81 72 47 77

Tensile (MPa)

Compressive 560 448 324 375 436 395

Strength (MPa)

Hardness 50 125 78.3 53.3 43.5 35.5

(Kg/mm?)

Y-Modulous (Pa) 2.5 x 10%° 23 % 10° 13 x 10° 7.6 x 10° 5.7 x 10° 43 x 10°

Surface (.30 1.19 0.27 0.12 0.29 0.13
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FIG. 8

Product PRIMM, ™ Restolux HP-4 7100 (3M) XRV Herco. TPH Prisma Heliomolar Chanisma
Roughness (Ra)
Coeff of Thermal 10 17 17 27 30 52 38
Expansion x 108
unit/unit/°C.
Radiopacity Yes Yes Yes Yes Yes Yes Yes

m

What I claimed is:

1. In a method for the direct filling of a cavity in a tooth,
wherein said method includes filling said cavity with an
initially liquid, settable filing material comprising a filler
and a binder admixed therewith, thereafter permitting said
material to harden in situ, the improvement in said method
comprising utilizing as the predominant component of said
filler, a fused-fibrous matrix compound comprised of:

from about 1% to about 50% by weight alumina;
from about 50% to about 98% by weight silica; and

from about 1% to about 5% by weight boron nitride.

2. The method of claim 1 wherein said fused-fibrous
matrix compound is further comprised of silicon carbide.

3. The method of claim 1 wherein the fused-fibrous matrix
compound 1s comprised from about 15% to about 30% by
welight alumina and from about 65% to about 85% silica.

4. The method of claim 1 wherein the fused-fibrous matrix
compound is comprised of alumina and silica in a ratio of
22:78.

5. A dental restorative composition comprising:
a binder; and

a fused-fibrous matrix compound filler, said filler com-
prised of about 1% to about 50% by weight alumina,
from about 50% to about 98% by weight silica, and
boron.

6. The composition of claim 5 wherein said fused-fibrous

atrix compound filler further comprises silicon carbide.

7. The composition of claim 5 wherein the filler is

comprised of about 15% to about 30% by weight alumina

and about 65% to about 85% silica. |
8. The composition of claim 5 wherein the filler is
comprised of about 21% by weight alumina and about 74%
by weight silica.
9. A method for the filling of a cavity in a tooth compris-
ing:
(a) filling said cavity with a settable filling material
comprising a binder and filler, wherein said filler is a
fused-fibrous matrix compound comprising from about
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15% to about 30% by weight alumina; from about 65%
to about 85% by weight silica; from about 1% to about
3% by weight silicon carbide, and from about 1% to
about 5% by weight boron nitride; and

(b) thereafter allowing said material to harden.

10. The method of claim 9 wherein the filler is comprised
of from about 21% by weight alumina and about 74% by
weight silica.

11. The method of claim 9 wherein the filler is comprised
of alumina and silica in a ratio of 22:78.

12. A fused-fibrous matrix compound ceramic dental
restorative composition comprising:

alumina, silica and boron.

13. The composition of claim 12 further comprising
silicon carbide.

14. The composition of claim 12 comprised of about
2.85% by weight boron nitride.

15. The composition of claim 12 comprised of about 21%
by weight alumina.

16. The composition of claim 12 comprised of about 74%
by weight silica.

17. A fused-fibrous matrix compound dental restorative
composition manufactured from:

alumina fibers;
silica fibers; and

a tusion source, whereby said composition has a com-
pressive strength equal to or greater than about 500
MN/m?,

18. The composition of claim 17 comprising from about

1% to about 50% by weight alumina fibers.

19. The composition of claim 17 comprising from about
0% to about 98% by weight silica fibers.

20. The composition of claim 17 wherein the alumina
fibers range from about 1 to about 20 microns in average
diameter. |

21. The composition of claim 17 wherein the silica fibers
rage from about 1 to about 6 microns in average diameter.

® ok 0k k%
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